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The ability of particles to flow with very low re- 
sistance is a distinctive character of a superfiuid 
or superconducting state and led to its discov- 
ery in the last century [H[2]. While the particle 
flow in liquid Helium or superconducting mate- 
rials is essential to identify superfluidity or su- 
perconductivity, an analogous measurement has 
not been performed with superfluids based on ul- 
tracold Fermi gases. Here we report on the di- 
rect measurement of the conduction properties 
of strongly interacting fermions, and the obser- 
vation of the celebrated drop of resistance asso- 
ciated with the onset of superfluidity. We ob- 
serve variations of the atomic current over sev- 
eral orders of magnitude by varying the depth 
of the trapping potential in a narrow channel, 
which connects two atomic reservoirs. We relate 
the intrinsic conduction properties to thermo- 
dynamic functions in a model-independent way, 
making use of high-resolution in-situ imaging in 
combination with current measurements. Our re- 
sults show that, similar to solid-state systems, 
current and resistance measurements in quantum 
gases are a sensitive probe to explore many-body 
physics. The presented method is closely analo- 
gous to the operation of a solid-state field-effect 
transistor. It can be applied as a probe for op- 
tical lattices and disordered systems, and paves 
the way towards the modeling of complex super- 
conducting devices. 

Over the last decade, cold atoms have emerged as a 
many-body system with a uniquely high level of control 
[3]. Experiments have shown that interacting atomic 
Fermi gases, analogous to electrons in a solid, can dis- 
play superfluidity [4j . The equilibrium properties of those 
gases have been measured with high precision [5H7] and 
the superfiuid character of the ground state has been in- 
vestigated via the response to external perturbations [8 
and rotation in the same way as for Bose- Einstein 
condensates [P3H14] . With the new techniques to create 
and observe directed currents [TSJ [TB] it is now possible 
to study transport properties of mesoscopic systems di- 
rectly analogous to electronic devices [17] , 

In this work, we investigate the conduction proper- 
ties of strongly interacting fermions flowing through a 
quasi two-dimensional, multimode channel, which con- 
nects two atomic reservoirs [T2]. As illustrated in figure 
1, the atomic current in the channel is controlled using a 
repulsive potential created by an off-resonant laser beam. 
In analogy with an electronic field-effect transistor, this 




FIG. 1: Principle of the experiment. Two atomic reservoirs 
(source and drain) are connected by a quasi-two dimensional 
conducting channel. The curved shape of the reservoirs indi- 
cates the harmonic confinement along the y-axis. An atom 
number imbalance A7V between source and drain drives an 
atom current through the channel, indicated by the arrows. 
A repulsive laser beam (gate beam) propagating along the 
z-axis is focused on the channel. It creates a repulsive poten- 
tial with a gaussian envelope and a tunable amplitude. The 
lighter region in the channel indicates the reduced density due 
to the repulsive potential. 



gate potential controls the chemical potential in the chan- 
nel while keeping the temperature imposed by the reser- 
voirs unchanged. With the gate potential as a control 
parameter, we measure the current through the channel 
over a large dynamic range and determine the density 
distribution in the channel region. This allows us to ob- 
serve the onset of frictionless flow of strongly interacting 
fermions. These measurements are compared to the case 
of a weakly interacting Fermi gas. 

Our experiments are performed with strongly and 
weakly interacting quantum degenerate gases of 
fermionic 6 Li atoms, equally populating the lowest two 
hyperfine states. To obtain a strongly interacting gas, 
the atoms are placed in a homogeneous magnetic field 
of 834 G where interactions are attractive and lead to 
the formation of pairs, while a weakly interacting gas is 
studied at a field of 475 G. The atoms are radially con- 
fined in the x-z plane by an optical dipole trap oriented 
along the y-axis with a 1/e 2 beam radius of 22(1) /im. 
Along the y-direction, the curvature of the magnetic 
field yields a harmonic confinement with a frequency of 
uj y = 2tt ■ 32(1) Hz. To engineer the reservoirs, we split 
the cloud into two parts using a repulsive laser beam at 
a wavelength of 532 nm that points along the x-direction 
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(beam not shown in figure 1). The intensity profile of 
this beam has a holographically imprinted nodal line 
along the y-axis. As a result, a channel in the x-y plane 
is formed, which confines the atoms along the z-direction 
with a center trap frequency of 2.9 kHz. The gate po- 
tential is created by another laser beam at 532 nm that 
is sent along the z-axis onto the channel and has a waist 
of 18 /im. We refer to the maximum of the repulsive 
potential created by this beam as the gate potential U. 
Along the z-axis, a high-resolution microscope objective 
is used for in-situ absorption imaging of the atoms in 
the channel. The atom number in the reservoirs is 
measured by absorption imaging along the x-direction. 
By creating an atom number imbalance between the 
two reservoirs, we create a chemical potential bias that 
induces a current through the channel |16j . 

Figure 2A presents an example of the time evolution 
of the relative number imbalance between the two reser- 
voirs, measured for strongly interacting (red) and weakly 
interacting fermions (blue), using the same gate poten- 
tial of U = 525(50) nK. For the strongly interacting gas, 
an exponential fit yields a decay time of 0.076(7) s, which 
is one order of magnitude faster than the decay time of 
0.70(6) s obtained for the weakly interacting gas. 

The reservoirs can be considered to be in quasi-thermal 
equilibrium during the entire decay, provided this pro- 
cess is sufficiently slow compared to the thermalization 
dynamics within the reservoirs. Thus, except for the low- 
est gate potentials, we interpret the exponential decay of 
the imbalance as a resistance measurement analogous to 
the discharge of a capacitor, where the resistance of the 
channel is proportional to the decay time r. The pro- 
portionality factor is determined by the reservoirs and 
remains constant as the gate potential is varied [TB] ■ The 
dimensionless resistance r = r • u> y is shown in figure 2B 
as a function of the gate potential U. Here, ui y is the 
frequency of the harmonic confinement along the y-axis, 
which provides a natural time scale for the motion of 
atoms along this direction. For decreasing gate potential 
the weakly interacting Fermi gas (blue) shows a decrease 
of resistance reaching a minimum value of r ~ 35 for 
zero gate potential. For high gate potentials the resis- 
tance for both interaction strengths are comparable, yet 
the strongly interacting gas (red) shows a much faster 
drop of resistance below 0.7//K. At a gate potential 
of 0.23(2) /xK the resistance differs by a factor of about 
25 from the weakly interacting gas. As r approaches 
unity (below 0.23 fiK) the decay time r becomes equal 
to the time scale of the internal dynamics of the reser- 
voirs, set by the trap frequency along the y-direction. In 
this regime, we cannot interpret our strongly interacting 
data sets in terms of a resistance measurement because 
the reservoirs do not remain in thermal equilibrium at 
each point in time, i.e. the resistance has dropped below 
our measurement capabilities. This gives rise to devia- 
tions from the exponential decay. 
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FIG. 2: Conduction properties through the channel. Red 
and blue data points correspond to the strongly and weakly 
interacting gas, respectively. A: Decay of the relative atom 
number imbalance between source and drain as a function of 
time with a gate potential U = 525(50) nK. The solid lines are 
exponential fits without offset. B: Dimensionless resistance r 
as a function of gate potential. The data points that are 
shown are those for which the decay is exponential. C: Atom 
current as a function of the gate potential U. A large increase 
of the current appears for the strongly interacting gas below 
U ~ 0.7 /iK. D: Atom current in logarithmic scale. The 
dashed region indicates the maximum current allowed by the 
internal dynamics of the reservoirs (see Text). The error bars 
show the statistical errors. 



In addition to the resistance, we also estimate the cur- 
rent through the channel using a linear fit to the ini- 
tial part of the decay (see Methods) . This measurement 
does not rely on the thermalization of the reservoirs and 
thus can also be applied to cases where the reservoirs are 
not fully in quasi-thermal equilibrium. Figure 2C shows 
the current I as a function of the gate potential for the 
strongly interacting gas (red) and the weakly interact- 
ing gas (blue). Contrary to the weakly interacting gas, 
the strongly interacting gas shows a fast increase of the 
current below 0.7/j.K. For the lowest gate potentials the 
current is limited by the conservation of energy. The 
limit is reached when the potential energy introduced by 
the initial imbalance is full converted into kinetic energy, 
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FIG. 3: Density independent conduction properties through 
the channel. Red and blue data points correspond to strongly 
interacting and weakly interacting atoms, respectively. A: 
Drift velocity as a function of gate potential. The blue line 
is a guide to the eye. The points corresponding to the three 
highest values of the gate potential are omitted in the weakly 
interacting case since the density is almost zero. B: Line- 
density measured in-situ in the channel as a function of gate 
potential (see Methods). The error bars represent statistical 
errors. 



as for example in undamped dipole oscillations. It is 
represented by the shaded region in figure 2D, where we 
show the current in logarithmic scale. Remarkably, the 
observed current is very close to that limit, meaning that 
the strongly interacting Fermi gas flows as if there was no 
constriction or gate potential at all. This is the expected 
behavior of a superfluid. 

Whilst the current depends on the atomic density in 
the channel, the transport properties are characterized 
in a density independent way by the drift velocity. To 
extract this quantity, we first use high-resolution in-situ 
imaging to measure the atomic line-density in the chan- 
nel. The measured line-density as a function of the gate 
potential is shown in figure 3B. As expected from its 
higher compressibility [H[T5], the strongly interacting gas 
reaches larger line-densities. For each value of the gate 
potential, we then divide the measured current by the 
corresponding line-density yielding the drift velocity. 

The drift velocities as a function of gate potential are 
presented in figure 3A. The weakly interacting gas shows 
a constant drift velocity, as expected for a normal con- 
ductor. In contrast, the drift velocity for the strongly 
interacting gas increases significantly below 0.7 [iK. This 
demonstrates that the large increase of the current, as 
seen in figure 2, is not simply caused by the higher den- 
sity of the strongly interacting gas in the channel. This 
reveals a change in the nature of the transport process, 
which is expected at the onset of superfluidity. 

We now relate the conduction properties to a ther- 
modynamic parameter by replacing the gate potential 




Red. thermodynamic potential fi/fio 



FIG. 4: Conduction properties as a function of thermody- 
namic potential. A: Drift velocity as a function of the re- 
duced thermodynamic potential f2/f2o for the strongly inter- 
acting (red) and weakly interacting (blue) Fermi gas. The 
gray shaded region indicates the regime where the gas is su- 
perfluid. B: Dimensionless resistance as a function of fi/fio 
in logarithmic scale for the strongly interacting gas, showing 
the drop of resistance. Error bars represent statistical errors. 



scale, which is specific for our system, by the thermody- 
namic potential. To this end, we use the high-resolution 
images of the gas in the channel, which give us access 
to the equation of state [5HZ]- The gas in the chan- 
nel is in the crossover regime between two and three 
dimensions, where the equation of state naturally re- 
lates the column density n co \ to the chemical potential 
[HI |5D] (see Methods). From the in-situ absorption im- 
ages of the channel for different gate potentials we get 
n co i(U) at fixed temperature, which is imposed by the 
reservoirs. Integrating this relation over the known vari- 
ations of the gate potential yields the thermodynamic 
potential ft(U) = j v n co \(V)dV. It would be equal to 
the pressure in a purely two-dimensional gas. We nor- 
malize n by the pressure of a 2-dimensional ideal Fermi 
gas at zero temperature fl — Tth 2 n^ ol /m and obtain a 
model-independent thermodynamic scale, analogous to 
the three-dimensional situation discussed in [7 . This 
allows us to convert the gate potential into a thermo- 
dynamic quantity, even though the gas in the channel is 
not expected to be in the universal regime |21j but rather 
in the confinement-dominated regime [22) , where most of 
the thermometry techniques cannot be applied directly 

0E3I. 

The drift velocity as a function of reduced thermo- 
dynamic potential is shown in Figure 4A. The strongly 
interacting gas (red) shows a pronounced increase of drift 
velocity below Q/Qq s» 1, indicating the onset of super- 
fluidity. This illustrates the high sensitivity of transport 
measurements to many-body effects in strongly corre- 
lated quantum gases. Figure 4B presents the resistance 
as a function of Q/CIq for the strongly interacting Fermi 
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gas. Below O/Oo ~ 1 the resistance shows a clear kink 
even in logarithmic scale. This is the counterpart of the 
drop of resistance observed in superconductors. 

The geometry of our experiment is reminiscent of weak 
links in superconductors [23]. It operates in a regime 
where the channel is ballistic in the normal case, but 
where the link is much longer than the healing length of 
the superfluid, complementary to the Josephson regime 
explored with Bose-Einstein condensates [25] [26] . 

Our setup allows the investigation of superfluidity and 
supercurrents in a variety of configurations by project- 
ing a designed potential through the microscope onto the 
channel [27]. This opens the way towards the cold-atom 
modeling of complex, superconducting devices. 



Methods Summary 

A balanced mixture of the two lowest hyperfine states 
of 6 Li (w 8-10 4 atoms) is prepared by all-optical evapora- 
tion. Final temperatures are ss 0.1 Tp (strongly interact- 
ing gas) and « 0.3 Tp (weakly interacting gas). For the 
strongly interacting gas the evaporation is performed at 
a magnetic field of 795 G (scattering length 3500 do, ao is 
the Bohr radius), then the field is adiabatically ramped 
to 834 G, at the s-wave Feshbach resonance. The weakly 
interacting gas is cooled at 300 G, then the field is ramped 
to 475 G (scattering length —100 a ). The trap frequency 
along the y-axis is uj y — 2tt ■ 32(1) and u y — 2ir ■ 25(1) 
for the strongly and weakly interacting gas, repectively. 
To induce an atom current, we create a number imbal- 
ance between the two reservoirs by shifting the trapping 
potential along the y-direction with a magnetic field gra- 
dient of 0.25 G • cm -1 . After switching off the gradient 
within 10 ms, we monitor the decay of the number imbal- 
ance. The number imbalance and the total atom number 
are obtained from absorption images along the x-axis. 
For all data, we fit a line to the first 5 points of a mea- 
sured decay curve of the relative number imbalance. We 
define the current as the fitted slope times half the to- 
tal number of atoms in both reservoir at equilibrium. 
To measure the column density n co i 5 as well as the line- 
density at the center of the channel for different gate po- 
tentials we take in-situ absorption images of the channel 
through the high-resolution microscope in the absence of 
current. We apply light pulses of 5 /us and a saturation of 
~ 0.1. Using local density approximation gives the equa- 
tion of state n co i(fi — V) [6], where /uo is the chemical 
potential imposed by the reservoirs and V the local gate 
potential. Integrating this equation with respect to the 
gate potential leads to the thermodynamic potential. 



Methods 

Cloud preparation A quantum degenerate Fermi gas 
is prepared by all-optical evaporation of a balanced mix- 
ture of the two lowest hyperfine states of 6 Li. Evapo- 
ration is performed at a magnetic field of 795 G (where 
the scattering length is 3500 ao, ao is the Bohr radius) 
down to a trap depth of 880 nK. This produces a Bose- 
Einstein Condensate of molecules. Then the trap depth is 
increased to 2.6 /uK in order to stop the evaporation, and 
the magnetic field is adiabatically ramped up to 834 G, 
where the broad s-wave Feshbach resonance is positioned. 
The curvature of this Feshbach field sets the trap fre- 
quency along the y-axis u) y = 2ir ■ 32(1) Hz. We obtain 
a strongly interacting Fermi gas of about 8 • 10 4 atoms 
with a temperature T s» 0.1 Tp [18], where Tp is the 
Fermi temperature. We determine the chemical potential 
(/i « 0.8 /xK) of the strongly interacting gas by measuring 
the size of the cloud in the trap. The weakly interacting 
Fermi gas is prepared using the same evaporation ramp 
at a magnetic field of 300 G. The magnetic field is then 
ramped up adiabatically to 475 G (oj y = 2n ■ 25(1) Hz) 
where the scattering length is -100 ao- This yields atom 
numbers of about 6.5 • 10 4 at T m 0.3 Tp. We keep the 
scattering length at a small but finite value to ensure that 
the reservoirs remain at equilibrium during the measure- 
ment. 

Current generation and measurement During evapo- 
rative cooling we create a number imbalance between the 
two reservoirs by having the trapping potential shifted 
along the y-direction, away from the center position of 
the channel. The shift is created using a magnetic field 
gradient of 0.25 G • cm -1 along the y-axis. Restoring the 
symmetry of the potential in 10 ms creates an atom num- 
ber imbalance in the symmetric trapping configuration. 
This leads to a potential imbalance, inducing the atom 
current. To infer the atom number imbalance, as well 
as the total atom number, the number of atoms in each 
reservoir is measured by absorption imaging along the 
x-axis. This is done for variable time delays. Each mea- 
surement is repeated 3 times and averaged to reduce the 
noise. For all data, we fit a line to the first 5 points of a 
measured decay curve of the relative number imbalance. 
We define the current / as the fitted slope multiplied with 
half the total atom number in both reservoirs at equilib- 
rium. For the case where the decay is exponential we 
checked that fitting a line and an exponential gives the 
same current within the error bars. 

Equilibrium density of the gas In the absence of cur- 
rent, we take in-situ absorption images of the cloud 
through the high-resolution microscope. We use light 
pulses of 5 its with an intensity of ~ 0.1 of the satura- 
tion intensity. We extract the line-density of the cloud 
by counting the total number of atoms in a region of 
18 fim along the y-axis at the center of the channel, over 
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which the trap frequency along the z-axis varies by less 
than 10%. The variations of column density along the 
x-axis are measured by counting the atom number in 
patches of length 18 /im in the y-direction, and 2.4 /im 
in the x-direction. From the known waist of the dipole 
trap (22(1) ^m), we infer that the change of chemical po- 
tential within one of those patches is lower than 13.7%. 
All in-situ pictures are averaged 20 times to reduce the 
noise. In addition, the gate beam profile is directly im- 
aged through the same optical system, yielding a map of 
the gate potential. 

Thermodynamic potential For each power setting of 
the gate beam, the in-situ column density along the 
x-axis is processed in seven patches to yield a set of 
curves n co \(V), where V is the local gate potential in 
the corresponding patch. In the local density approxima- 
tion, these curves belong to the same equation of state 
(as the confinement along the z-axis is the same in all 
patches). The curves are combined using the hypoth- 
esis that regions having the same column density have 
the same chemical potential, giving the equation of state 
^co^Mo — V) [S]- Here /j,q is the unknown chemical poten- 
tial imposed by the reservoirs. Integrating this equation 
of state from V to the largest gate potential (for which 
density is zero) gives the thermodynamic potential as a 
function of U for a fixed (but unknown) temperature. By 
normalizing the thermodynamic potential to that of an 
ideal two-dimensional Fermi gas with the same column 
density, we obtain the thermodynamic scale which is used 
for figure [4] 

Confinement dominated regime in the channel The 
size of the superfluid pairs in three dimensions on the 
Feshbach resonance is 2.6/fcp ~ 0.6 /im [28], which is of 
the order of y/h/ {muj z ) ~ 0.8 fim, i.e. the size of the 
ground state of the harmonic oscillator. Considering this 
criterion, the superfluid is in the crossover from two to 
three dimensions, eventhough the chemical potential of 
the gas is larger than the oscillation frequency in the 
channel. 



[1] Leggett, A. J. Quantum Liquids: Bose Einstein Conden- 
sation and Cooper Pairing in Condensed- Matter Systems 
(Oxford University Press, Oxford, 2006). 

[2] Delft, D. v. & Kes, P. The discovery of superconductivity. 
Physics Today 63, 38-43 (20 10). URL |http : //link . 
aip.org/link/7PT0/63/38 ~l 

[3] Bloch, I., Dalibard, J. & Zwerger, W. Many-body physics 
with ultracold gases. Reviews of Modern Physics 80, 
885-964 (2008). URL |http: //link .aps.org/doi/10 . 
| 1103/RevModPhys.80.885| 

[4] Giorgini, S., Pitaevskii, L. P. & Stringari, S. Theory of 
ultracold atomic fermi gases. Reviews of Modern Physics 
80, 1215-12 74 (2008) . URL|http: //link. aps . org/doi/| 
| 10.110~7R evModPhys ,80.1215| 

[5] Horikoshi, M., Nakajima, S., Ueda, M. & Mukaiyama, T. 



Measurement of universal thermodynamic functions for 
a unitary fermi gas. Science 327, 442-4 45 (2010) . UR L 
http : //www. sciencemag . org/ content /327/5964/442 
[6] Nascimbene, S., Navon, N., Jiang, K. J., Chevy, 
F. & Salomon, C. Exploring the thermodynamics 
of a universal fermi gas. Nature 463, 1057-1060 
(2010). URL http : //www. nature . com/nature/ journal/ 
v463/n7284/abs/nature08814 . html . 
[7] Ku, M. J. H., Sommer, A. T., Cheuk, L. W. & Zwierlein, 
M. W. Revealing the superfluid lambda transition in the 
universal thermodynamics of a unitary fermi gas. Science 
335, 563-56 7 (2012) . URL |http : //www . scien cemag . 
org/content/335/6068/563 
[8] Miller, D. E. et al. Critical velocity for superfluid flow 
across the BEC-BCS crossover. Physical Review Letters 
99, 070402 (2007). URL|http://link.aps.org/doi/i"o~ 
1103/PhysRevLett . 99 . 07 0402 
[9] Zwierlein, M. W., Abo-Shaeer, J. R., Schirotzek, A., 
Schunck, C. H. & Ketterle, W. Vortices and super- 
fluidity in a strongly interacting fermi gas. Nature 
435, 1047-1051 (2005). URL |http : //www . nature . com/| 
nature/ journal/v435/n7045/full/n ature03858 . html 

[10] Madison, K. W., Chevy, F., Wohlleben, W. & Dal- 
ibard, J. Vortex formation in a stirred Bose- 
Einstein condensate. Physical Review Letters 84, 806- 
809 (2000). URL |http : //link, aps . org/doi/10 . 11037] 
PhysRevLett . 84~ 806 

[11] Matthews, M. R. et al. Vortices in a Bose- 
Einstein condensate. Physical Review Letters 83, 2498- 
2501 (1999). UR L |http : //link . aps org/doi/10 . 1103/| 
PhysRevLett . 83 . 2498 

[12] Raman, C. et al. Evidence for a critical velocity in a 
Bose-Einstein condensed gas. Physical Review Letters 
83, 2502-250 5 ( 1999) . URL |http : //link . aps . org/doi/| 
10 . 11 03/PhysR evLett . 83 ■ 2502| 

[13] Burger, S. et al. Superfluid and dissipative dynam- 
ics of a Bose-Einstein condensate in a periodic op- 
tical potential. Physical Review Letters 86, 4447- 
4450 (2001). URL|http://link.aps.org/doi/10.1103/| 
PhysRevL ett . 86 ■ 4447] 

[14] Amo, A. et al. Superfluidity of polaritons in semicon- 
ductor microcavities. Nature Physics 5, 805-810 (2009). 
URL http: //www. nature . com/nphys/ journal/ v5/nll/ 
full /nphys!364 . h tml] 

[15] Ramanathan, A. et al. Superflow in a toroidal 
Bose-Einstein condensate: An atom circuit with a 
tunable weak link. Physical Review Letters 106, 
130401 (2011). URL |http: //link .aps.org/doi/l~~ 
1103/PhysRevLett . 106 . 130401 

[16] Brantut, J., Meineke, J., Stadler, D., Krinner, S. & 
Esslinger, T. Conduction of ultracold fermions through 
a mesoscopic channel (2012). URL http://arxiv.org/ 
abs/1203.1927vl1 

[17] Seaman, B. T., Kramer, M., Anderson, D. Z. & Hol- 
land, M. J. Atomtronics: Ultracold-atom analogs 
of electronic devices. Physical Review A 75, 023615 
(2 007). URL |http://link.aps.org/doi/10.1103/| 
PhysRevA. 75 .0236151 

[18] Bartenstein, M. et al. Crossover from a molecular Bose- 
Einstein condensate to a degenerate fermi gas. Physical 
Review Letters 92, 120401 (2004). URL |http: //link .| 
aps.org/doi/10. 11 03/PhysRevLet t .92. 120401| 

[19] Orel, A. A., Dyke, P., Delehaye, M., Vale, C. J. & Hu, 
H. Density distribution of a trapped two-dimensional 



G 



strongly interacting fermi gas. New Journal of Physics 
13, 113032 (2011). URL http : //iopscience . iop . org/| 

1367-2630/13/11/1130321 
[20] Dyke, P. et al. Crossover from 2D to 3D in a weakly 

interacting fermi gas. Physical Review Letters 106, 

105304 (20 11). URL |http: //link, aps .org/doi/loT] 

I 1103 /PhysRevL ett. 106 .105304] 

[21] Ho, T. Universal thermodynamics of degenerate quan- 
tum gases in the unitarity limit. Physical Review Letters 

92, 090402 (200 4). URL|http : //link aps . org/doi/10 . | 

I 1103/PhysRevLett. 92 .09 0402 

[22] Petrov, D. S. & Shlyapnikov, G. V. Interatomic colli- 
sions in a tightly confined bose gas. Physical Review A 
64, 012 706 (200 1). URL|http : //link . aps . org/doi/10 . | 

| 1103/PhysRevA.64.012706| ~ 

[23] Luo, L., Clancy, B., Joseph, J., Kinast, J. & Thomas, 
J. E. Measurement of the entropy and critical tempera- 
ture of a strongly interacting fermi gas. Physical Review 
Letters 98, 080402 ( 2007). URL |http: //link .aps .org" 
doi/10 . 1 10 3/PhysRev Lett . 98 . 080402| 

[24] Likharev, K. K. Superconducting weak links. Reviews of 
Modern Physics 51, 101-159 (1979). URL|http://link.| 
aps . org/doi/10 . 1103 /RevModP hys . 51 ■ 101| 

[25] Albiez, M. ei al. Direct observation of tunnel- 
ing and nonlinear Self- Trapping in a single bosonic 
josephson junction. Physical Review Letters 95, 
010402 (2005). URL [http://link.aps.org/doi7lo7 
I 1103/PhysRevLett. 95 .010402| 

[26] LeBlanc, T7. T. ei al. Dynamics of a tunable 
superfluid junction. Physical Review Letters 106, 

025302 (20 11). URL |http: //link .aps.org/doi/l6~l 

| 1 103/PhysRevL ett. 106 .0253021 

[27] Zimmermann, B., Miiller, T., Meineke, J., Esslinger, 
T. & Moritz, H. High-resolution imaging of ultracold 
fermions in microscopically tailored optical potentials. 
New Journal of Physics 13 , 043007 (2011). URL |http:| 
//iopscience . iop . org/1367-2630/13/4/043007 

[28] Schunck, C. H., Shin, Y.-i., Schirotzek, A. & Ketterle, 
W. Determination of the fermion pair size in a res- 
onantly interacting superfluid. Nature 454, 739-743 
(2008). URL http: //www. nature . com/nature/ journal/ 
v454/n7205/abs/nature07176 . html 

Acknowledgments We acknowledge enlightening dis- 
cussions with Wilhclm Zwerger, Antoine Georges, 
Corinna Kollath and Charles Grenier. We thank Leticia 
Tarruell, Tobias Donncr and Hcnning Moritz for their 
careful reading of the manuscript. We acknowledge Fi- 
nancing from NCCR MaNEP and QSIT, ERC project 
SQMS, FP7 project NAME-QUAM and ETHZ. JPB ac- 
knowledges support from EU through Marie Curie Fel- 
lowship. 

Author Contributions All authors contributed 
equally to this work. 

Author Information The authors declare no 
competing financial interests. Correspondence 
should be addressed to Jean-Philippe Brantut 
(brantutj@phys.ethz.ch) and Tilman Esslinger 
(esslinger@phys.ethz.ch). 



